Ultraviolet difference spectroscopy of bovine carbonic anhydrase substituted with various divalent metals.
The ultraviolet (uv) difference spectra of M(II)-apocarbonic anhydrase at pH 5-9 are reported. For Zn(II) at all pH's and Co(II) at pH greater than or equal to 7.65 identical protein difference spectra are seen and a positive 300 nm feature is interpreted as consistent with interaction of a metal-bound hydroxyl with a Trp chromophore near the active site. Hg(II), Cu(II), and Cd(II) do not provoke a positive 300 nm band even at alkaline pH (although a Cd(II) spectral band at 300 nm becomes less negative, i.e., more like the holoenzyme with increasing pH) and the 280-292 nm spectral region is generally different from that of Zn(II) and high pH Co(II). A specific orientation of M-OH and, hence, an ordered solvent structure in the enzyme site is implied for enzyme activation. Ni(II) appears to bind to the vacated zinc site slowly, at low pH, in a manner similar to zinc. At higher pH's Ni(II) may be displaced toward a Tyr residue in the active site of apocarbonic anhydrase.